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Resolving the trigonometric expressions of equation (17) into
functions of single angles, we get as equations of current and of
voltage products of the transient <rutj and of a combination of the
trigonometric expressions:
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Line oscillations thug can be expressed in two different forms,
either as functions of the sum and difference of time angle <t> and
distance angle w; ($ ± «), as in (17); or as products of functions
of <#> and functions of w, as in (19). The latter expression usually
is more convenient to introduce the terminal conditions in station-
ary waves, as oscillations and surges; the former is often more
convenient to show the relation to traveling waves.
In Figs. 35 and 36 are shown oscillograms of such line oscilla-
tions. Fig. 35 gives the oscillation produced by switching 28
miles of 100-kv. line by high-tension switches onto a 2500-kw.
step-up transformer in a substation at the end of a 153-mile three-
phase line; Fig. 36 the oscillation of the same system caused by
switching on the low-tension side of the step-up transformer.
29. As seen, the phase of current i and voltage e changes pro-
gressively along the line I, so that at some distance Io current and
voltage are 360 degrees displaced from their values at the starting
point, that in, are again in the same phase. This distance k is
called the wave length, and is the distance which the electric field
travels during one period *o m j of the frequency ,of oscillation*
As current and voltage vary in phase progressively along the
line, the effect of inductance and of capacity, as represented by
the [inductance voltage and capacity current, varies progressively,
and the re&wltant effect of inductance and capacity, that is, the
effective inductance and the effective capacity of the circuit, thus
are not the sum of the inductances and capacities of all the line
elements, but the resultant of the inductances and capacities of
all the line elements combined in all phases. That is, the effective
inductance and capacity are derived by multiplying the total
2
inductance and total capacity by avg/cos/, that is, by - •
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